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(57) Abstract 

A disc brake system (10) comprising at least two discs (12, 14), and a hub (16) which is arranged to rotate about an axis (18) thereof. 
TTie system (10) also comprises mounting means (20, 22) by which the discs (12, 14) are mounted on the hub (16) so that the hub and the 
discs rotate as a unit about said axis (18) and the discs can perform axial sliding movement on said hub. The system (10) also comprises 
a plurality of leaf springs (42) mounted on the hub (16) and engaging the discs (12, 14) so that the springs apply force between the discs 
and the hub. The leaf springs (42) are arranged in groups, one spring in each group acting on each disc, at least one spring in each group 
being retained in position by a connection (44) to another spring in said group. 
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LEAF SPRING FOR A DISC BRAKE 



Thi~s~invention isnsoncerned with a disc brake system, 
for example for a wheel of a vehicle. 

A conventional disc brake system comprises a hub 
mounted on a suspension link for rotation relative thereto, 
the hub providing a mounting for a wheel, and a disc brake 
comprising a brake disc mounted for rotation with the hub, 
friction material pads arranged on opposite sides of the 
disc, and at least one piston and cylinder assembly 
operable to urge the pads into engagement with the disc, to 
brake the hub and hence the wheel. • Conventionally, the 
piston and cylinder assembly is slidably mounted on a slide 
bolted to the suspension link of the vehicle. The disc is 
conventionally rigidly fixed to the hub, and wear of the 
pads and/ or the disc is accommodated by the sliding 
movement of the cylinder. 

Disc brake systems are known in which two discs are 
mounted on the same hub and rotate with the hub as a unit. 
Both discs can perform sliding movement on the hub, further 
friction material pads being provided between the discs, 
for example see GB 1 396 503. However, such systems are 
associated with technical problems. For example, since the 
discs are relatively thin, they tend to tilt on the hub and 
affect the braking ability. Also, there is a tendency for 
noise to be produced by rattle of the discs against the 
hub. At higher disc temperatures, th£se problems can be 
particularly severe since, when there is a large 
temperature differential, such as 600°C, between the 
braking surface of a disc and the hub, the disc expands 
considerably, away from the hub, exacerbating the problems 
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of tilting and rattle. These problems are addressed in WO 
98/26192 in which the solution proposed is to provide a 
plurality of resilient force applicators which are mounted 
between the hub and the discs, the force applicators acting 
to apply radially-directed forces to the discs to control 
the movement thereof, the force applicators being 
"distributed circumf erentialTy around the hub. In one of 
the embodiments proposed in WO 98/26192, the force 
applicators are flat steel leaf springs each of which acts 
between the hub and both discs. This arrangement has the 
disadvantage that the same springs act on both discs and 
the action of the springs on one of the discs affects their 
action on the other disc. This is undesirable since the 
individual discs may require an individual force regime. 
It would be possible to provide narrower springs so that 
each disc could have its own individual set of springs 
independently mounted on the hub but this would cause 
assembly problems which would increase if the system had 
more than two discs. 

It is an object of the present invention to overcome 
the disadvantage mentioned above without increasing 
assembly problems. 

The invention provides a disc brake system comprising 
at least two discs, and a hub which is arranged to rotate 
about an axis thereof, the system also comprising mounting 
means by which the discs are mounted on the hub so that the 
hub and the discs rotate as a unit about said axis and the 
discs can perform axial sliding movement on said hub, the 
system also comprising a plurality of leaf springs mounted 
on the hub and engaging the discs so that the springs apply 
radial force between the discs and the hub, characterised 
in that the leaf springs are arranged in groups, one spring 
in each group acting on each disc, at least one spring in 
each group being retained in position by a connection to 
another spring in said group. 
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In a disc brake system according to the invention, 
each disc has its own individual set of springs (one from 
each group) and the connections between the springs can 
readily be arranged such that the springs operate 
independently of one another. Each group of springs can be 
assembled on the" "HuB~by "securing one 6lT~the group thereto 
or by securing the group as a whole thereto. 

A disc brake system according to the invention may be 
of the type disclosed in WO 98/25804. That brake system 
comprises two discs which are slidable on the same hub 
under the control of leaf springs which act between the hub 
and the discs. The system also comprises a cylinder which 
is integrally formed with a suspension link and a caliper 
also fixed to the suspension link, the caliper having 
supports for friction material pads mounted thereon. In a 
system according to the invention, the leaf springs which 
act between the hub and the discs disclosed in WO 98/25804 
would be replaced by groups of springs as disclosed herein. 
Each spring in the group may be a flat spring similar to 
those disclosed in WO 98/25804 or may have one of the forms 
disclosed hereinafter. 

Preferably, each of the springs comprises at least 
three abutments which project transversely of the spring 
and engage the disc so that the abutments apply force to 
the disc. Said abutments may be provided by embossed 
portions of the spring. Such embossments may have a 
generally semi-cylindrical form. Alternatively, the 
abutments may be provided by material deposited on the 
spring and secured thereto. 

Said abutments may be elongated so that each abutment 
remains in engagement with the disc throughout said 
movement of the disc on the hub. 
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Said abutments may be in the form of ridges extending 
parallel to the axis about which the hub rotates. 

The leaf springs of a disc brake system according to 
the invention may be secured to the outer surface of the 
hub in a manner such that the springs extend tangentially 
^f "the hub - when th^~dTsc~is not mounted on~the~hub but are 
resilient ly deformed by mounting a disc on the hub. 

In a disc brake system according to the invention, 
cut-outs may be formed in the leaf springs to control the 
force applied by the springs to the discs. Such cut-outs 
may be in the form of holes through the spring or may be 
cut into the edges of the spring. 

Said mounting means of the discs on the hub may 
comprise axially-extending grooves formed in an external 
surface of said hub and teeth projecting from said discs 
into said grooves, the teeth being a sliding fit in said 
grooves. In this case, said leaf springs may be located 
within said grooves and engage said teeth. 

There now follows a detailed description, to be read 
with reference to the accompanying drawings, of a disc 
brake system which is illustrative of the invention. 

In the drawings: 

Figure 1 is an end view of the illustrative disc brake 
system; 

Figure 2 is a cross-sectional view, on a larger scale, 
taken on the broken line II-II in Figure 1; and 

Figure 3 is a perspective view, on a greatly enlarged 
scale, of a group of leaf springs of the illustrative disc 
brake system. 

The illustrative disc brake system 10 shown in Figures 
1 and 2 is for a wheel (not shown) of a car. The system 10 
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comprises a disc 12, a further disc 14 and a hub 16, on 
which the wheel can be mounted. The hub 16 is arranged to 
rotate about a central axis 18 thereof. 

The hub 16 comprises an internally splined hollow 
inner cylindrical portion 16a which is arranged to receive 

a— drive— shaft—which— drives— the— wheels The -hub— 16— also 

comprises an external flange 16b at one end of the portion 
16a. This flange 16b has four bolt holes 16c through which 
the wheel (not shown) can be bolted to the flange 16b in a 
conventional manner. The flange 16b also serves to connect 
the portion 16a to an outer hollow cylindrical portion 16d 
of the hub 16. 

The discs 12 and 14 are identical to one another, 
being in the form of generally-annular cast iron or steel 
plates. The two discs 12 and 14 are mounted by means of 
mounting means of the system 10 on the cylindrical outer 
surface of the hub portion 16d so that the hub 16 and the 
two discs 12 and 14 rotate as a unit about the axis 18 and 
the discs 12 and 14 can perform axial sliding movement on 
said hub 16. The mounting means comprises four grooves 20 
which are formed in the outer cylindrical surface of the 
portion 16d of the hub 16 and four teeth 22 which project 
inwardly from each of the discs 12 and 14. The teeth 22 
enter the grooves 20 and are a sliding fit therein* 
However, the teeth 22 do not extend to the bottom surfaces 
20a of the grooves 20, there being a clearance between the 
bottom surfaces 20a and the inner surfaces 22a of the teeth 
22. The grooves 20 are equally- spaced circumf erentially 
about the axis 18 and each occupies an arc of approximately 
45° about the axis 18. Between the grooves 20, the outer 
surface of the hub portion 16d is machined to be accurately 
cylindrical about the axis 18. The inner surface of each 
disc 12 and 14, between the teeth 22, is also machined to 
be accurately cylindrical about the axis 18 and a close fit 
over the cylindrical portions of the outer surface of the 
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hub portion 16d. The close fit of the discs 12 and 14 on 
the hub 16 reduces the possibility of the discs 12 and 14 
tipping. 

The system 10 also comprises four friction material pads 
26 (Figure 2) for braking the discs 12 and 14 by engaging 

side— surf aces— of— the— discsv The— f riction~~pads — 26 are 

secured to three backing plates 28, one backing plate 28a 
being between the discs 12 and 14 and the others being on 
opposite sides of the discs 12 and 14 to the plate 28a. 
The median plate 28a has friction pads 26 secured to both 
of its faces. The brake pads 26 and the backing plates 28 
are not shown in Figure l. The brake pads 2 6 are brought 
into braking contact with the discs 12 and 14 by operating 
means (not shown) which may be similar to that described in 
WO 98/25804. When the brakes are applied, a movable outer 
friction material pad 26 is moved until the four pads 26 
and the discs. 12 and 14 are all in contact with one 
another, the discs 12 and 14 and the' plate 28a sliding 
axial ly to accommodate this movement. 

The system 10 also comprises eight leaf springs 42 
mounted on the hub 16 and engaging the discs 12 and 14 so 
that the springs 42 apply radial force between each of the 
discs 12 and 14 and the hub 16. The leaf springs 42 are 
arranged in four groups of two, the groups being equally 
distributed circumf erentially around the hub 16, each being 
mounted on one of the bottom surfaces 20a of the grooves 
20, ie the springs 42 are mounted in the grooves and act 
between the surface 20a and the inner surface 22a of the 
tooth 22 which enters the groove 20. 

Figure 3 shows one group of two leaf springs 42 which 
are joined together by a narrow tab 44, the springs 42 and 
the tab 44 being formed from a single sheet of spring steel 
which is 0.25-0.3 mm thick. The springs 42 are mounted on 
the surfaces 20a as a unit connected by the tab 44 by means 
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of a screw 3 6 which passes through a hole 42a formed in one 
of the springs 42. Thus, each of the discs 12 and 14 has 
four of the leaf springs 42 acting thereon, the springs 42 
being arranged in groups of two, one of which is mounted on 
the hub 16 and the other of which is retained in position 
by the connection, via the tab 44, to the first-mentioned 
"springs As the tab" "44 is"~ narrow, the" springs 42 act"" ~ 
substantially independently. 

Each spring 4 2 extends axially on the hub 16 
throughout the range of axial movement of its associated 
disc 12 or 14 so that both discs 12 and 14 are engaged by 
all four of its associated springs 42 continuously. The 
springs 42 act to control the sliding movement of the discs 
12 and 14 on the hub 16 preventing tipping of the discs and 
compensating for thermal expansion effects. 

Each spring 42 comprises four axially-extending 
abutments 46 which project transversely of the spring 42. 
Two of the abutments 46 are formed at the extreme ends of 
the spring 42 , thereby preventing the edge of the spring 42 
from engaging the tooth 22 and reducing the risk of 
cracking of the spring 42. Between the abutments 46 holes 
(not shown) may be cut out of the spring 42 to control the 
force applied by the abutments 46 to the disc 12 or 14. 

The abutments 46 are provided by embossed portions of 
the spring 42 which are in the form of generally semi- 
circular (in transverse cross-section) ridges extending 
parallel to the axis 18. The abutments 46 are elongated in 
the axial direction so that each abutment 46 remains in 
engagement with its associated disc 12 or 14 throughout the 
movement of the disc on the hub 16. 

Each spring 42 is arranged to engage the associated 
disc 12 or 14 with its abutments 46 and apply force to the 
disc to control the movement thereof on the hub 16. Each 
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spring 4 2 is arranged so that the spring 42 extends 
generally tangentially of the hub 16 when the disc 12 or 14 
is not mounted on the hub 16. However, the springs 42 are 
deformed by the presence of the disc 12 or 14 so that each 
abutment 46 presses resiliently on the disc. The springs 
42, thus, act to apply radially-directed forces to the 
discs 12 and 14. 

In the operation of the disc brake system 10, the 
springs 42, as aforementioned, control the sliding movement 
of the discs 12 and 14 on the hub 16. Each spring 42 
engages a disc at four points of contact, provided by the 
abutments 46, thereby distributing the force applied by the 
spring 42 to each disc more uniformly. 

In modifications of the springs 42, the hole 42a may 
be omitted and the springs provided instead with self- 
retaining means for retaining them on the hub 16. For 
example, such self -retaining means may comprise integral 
tabs extending from the spring over opposite ends of the 
hub 16 so that the springs can be clipped over the hub. 
Specifically, each of the end springs 42 in a group has one 
of the these tabs extending normally from its opposite edge 
to the position of the tab 44. 

In a further modification, the springs 42 can be 
formed into a non-planar form in order to determine the 
forces they will apply to the disc. For example, the 
springs can be formed into an arcuate shape such that, when 
the spring is mounted on the hub but before the discs are 
mounted on the hub, the ends of the spring are further from 
the hub than if the spring were planar. 
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CLAIMS 

1 A disc brake system (10) comprising at least two discs 
(12, 14), and a hub (16) which is arranged to rotate 
about an axis"^ (Tff)H thereof ~the system" aTs^compri^ilig 
mounting means (20, 22) by which the discs (12, 14) 
are mounted on the hub (16) so that the hub and the 
discs rotate as a unit about said axis and the discs 
can perform axial sliding movement on said hub, the 
system also comprising a plurality of leaf springs 
(42) mounted on the hub (16) and engaging the discs 
(12, 14) so that the springs apply radial force 
between the discs and the hub, characterised in that 
the leaf springs (42) are arranged in groups, one 
spring in each group acting on each disc (12, 14) , at 
least one spring in each group being retained in 
position by a connection (44) to another spring in 
said group. 

2 A disc brake system according to claim 1, 
characterised in that each of said springs (42) 
comprises at least three abutments (46) which project 
transversely of the spring and engage the disc (12, 
14) so that the abutments apply force to the disc. 

3 A disc brake system according to claim 2 , 
characterised in that said abutments (46) are provided 
by embossed portions of the spring (42) . 

4 A disc brake system according to either one of claims 
2 and 3, characterised in that said abutments (4 6) are 
elongated so that each abutment remains in engagement 
with the disc (12, 14) throughout said movement of the 
disc on the hub (16) . 
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5 A disc brake system according to any one of claims 2 
to 4, characterised in that said abutments (46) are in 
the form of ridges extending parallel to the axis (18) 
about which the hub (16) rotates. 

6 A disc brake system according to any one of claims 1 
^^5y-^ haracter j^^--j^ that the leaf springs (42) are 
secured to the outer surface of the hub (16) in a 
manner such that the springs (42) extend tangentially 
of the hub (16) when the disc (12, 14) is not mounted 
on the hub. 

7 A disc brake system according to any one of claims 1 
to 6, characterised in that cut-outs are formed in the 
leaf springs (42) to control the force applied by the 
springs to the discs. 

8 A disc brake system according to any one of claims 1 
to 7, characterised in that said mounting means (20, 
22) of the discs (12, 14) on the hub (16) comprises 
axially-extending grooves (20) formed in an external 
surface of said hub (16) and teeth (22) projecting 
from said discs into said grooves, the teeth being a 
sliding fit in said grooves, and in that said leaf 
springs (42) are located within said grooves (20) and 
engage said teeth (22). 

9 A disc brake system according to any one of claims 1 
to 8, characterised in that the leaf springs (42) are 
provided with self-retaining means for retaining them 
on the hub (16) . 



WO 00/0991 1 



PCT/GB99/02430 




Fig.l 



WO 00/0991 1 



PCT/CB99/02430 




Fig. 2 



WO 00/09911 



PCT/GB99/02430 




INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/GB 99/02430 



A. CLASSIFICATION OF SUBJECT MAITER 



IPC6: F16F 1/18, F16D 65/52 

According lu International Patent Classification (IPC) or to both national classification and IPC 



B. RLLDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: F16D, F16F 



-Documcntation scarchcd olher-thMi-minimum iiocumcniaiion -to ihcrxtcnrthal-juehilueumems are ineludwl in ihc ficids-jcarchcd — 



Electronic data base eonsultcd during the international «areh (name of data base and. where practicable, search terms used) 



EPOD0C 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to elaiin No. 



US 4673065 A (JEAN-LOUIS GERARD ET AL), 

16 June 1987 (16.06.87), figures 3-5, claim 1 



US 4699254 A (JEAN-CLAUDE MERY), 13 October 1987 
(13.10.87), figures 3-9, claims 1,7 



US 5358079 A (GLENN G. BROWN), 25 October 1994 

(25.10.94), column 1, line 24 - line 61, figures 2, 
3,5, claims 1,3 



1.7 



1,2,4,5,7 



| | Further documents are listed in the continuation of Bo.\ C. Sec patent family annex. 



• Special caicgoncs ot cilcu document* 

"A" document defining the general state ol ihc art which is not considered 

to he ol particular relevance 
"P." crlicr document hut published »n or alter the internauonai riling dale 

"I." document which may throw dtuhu on pn«inly claimis) »r \rtnch is 
ci led to cstahlixh the publication dale til another citation or other 
special reason! as sriccmcd) 

"O" document rclcmng u> an tiral dt«lt«urc. use. exhibition «»r mher 
mean? 

"I*" ducumrnt published prior lo ihc international tiling ualc hut later than 
the priority dale daimcd 



"T" taicr document published alter ihc internauonai tiling date or pnoniy 
date and not in conflict mth-ihe applicaUon hut cited to understand 
the pnnaplc or theory underlying the invcnuon 

"X" document tit particular relevance: the claimed invenutm cannot he 
considered novel or cannot he ctmsdcrcu to involve an inventive 
Mcp when ihc document iv laken alone 

' Y" document ol particular relevance: the claimed invcnuon cannot he 
amvtucrcd to involve an invenuve \icp when the dticumcni it 
combined with one or more uthcr such dticumenu \ueh ctimrunaUun 
K-injt nhunut In a person willed in the art 

»t* unvumvnt mcmher ol the s.imc patent tamily 



Date uf the actual completion ol the iiiteninlioiial search 



10 November 1999 



Date of mailing of the inicrnuiiuual search report 

16 December 1999 (16.12.99) 



N.ime *\»a nAinna aaatess ottm* mie*"<cicA«ti 
i.yiothj.w , ; .uem tjfl<e PC i3 1^ P.-vem-ao.- . 

i .v. mo mm 1 » .= « «*: r. 



Authors ml oU'iclt 



IGOR GASDIK/MP 



INTERNATIONAL SEARCH REPORT 



Information on patent family members 



28/09/99 



International application No. 

PCT/GB 99/02430 



Patent document 


Publication 


Patent family 


Publication 


cited in search lepori 


date 


mcmber(s) 


dale 



US 4673065 A 



16/06/87 



EP 0203841 A, 8 

FR 2582365 A,B 

HR 920737 A 

JP 61270530 A 

KR 9403908 B 

TR 22834 A 

Y U 8 2186 A 



03/12/86 
28/11/86 
30/04/95 
29/11/86 
09/05/94 
18/08/88 
28/02/89 



US 4699254 A 


13/10/87 


EP 


0202993 A,B 


26/11/86 






FR 


2582366 A,B 


28/11/86 






JP 


1990867 C 


08/11/95 






JP 


7006562 B 


30/01/95 






JP 


61274126 A 


04/12/86 






KR 


9403909 B 


09/05/94 






TR 


27102 A 


08/11/94 






YU 


82286 A 


28/02/89 



US 5358079 A 25/10/94 W0 9508726 A 30/03/95 



Form PCT/1SA/210 (patent family annex) (July 1992) 



